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2PREFACE
The Projects undertaken for this Workplace Portfolio comprise: 1) a method 
comparison study examining the accuracy of the Broselow Tape for estimating 
paediatric weight in two Australian Emergency Departments; and 2) a logistic 
regression analysis of Trauma Registry data determining the risk factors 
associated with serious outcome for motor vehicle accidents. These projects 
took place on the Central Coast of New South Wales, at Gosford and Wyong 
Hospital Emergency Departments, where I work as an Emergency Physician.
For the first project I worked collaboratively with Dr Satish Thonsay, an 
emergency registrar, who had put forward the idea for the study. This study 
involved the prospective collection of data on a convenience sample of children 
presenting to the Emergency Departments of Gosford and Wyong Hospitals. 
We were suspicious that, if reports of increasing childhood obesity were true, 
the Broselow Tape might be underestimating weight for our population. 
The second project involved working with the Trauma Director, Dr Duncan 
Reed, the Trauma Clinical Nurse Consultant, Mr Peter Mackay and the Trauma 
Data Managers. The Trauma Registry at Gosford Hospital has been in place for 
5 years and provides data to the Institute of Trauma Information Management 
(ITIM) by way of the Trauma Minimum Dataset. Since setting up a two tiered 
trauma system at Gosford Hospital a large body of data had been collected and 
Dr Reed wanted to use this to assess the efficacy of the current system with a 
view to improving it. The project involved examining the database, and resolving 
some issues within it, prior to answering the questions posed by Dr Reed. 
Improvements were made to the data collection and entry processes along the 
way. 
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3Reflections on Learning: Project A - Method Comparison Study
Design
It was interesting to be involved from a very early stage in the design of a 
clinical study. In translating the research question into practice, with limited 
resources and training, I found most useful what I had learnt in Epidemiology 
and from reading Clinical Epidemiology.1 There was little in the Masters course 
pertaining to design of observational studies and I had not done the Health 
Indicators and Health Surveys unit which might have helped in designing the 
data collection sheet. 
Communication and Teamwork
The importance of knowing the skills and limitations of those with whom you are 
working, and communicating effectively with them, was well demonstrated by 
problems I had with the data collection form. I had naively assumed that the 
date of presentation was on the sheet. It was not, leading to problems later 
when dealing with repeat presentations of the same child - something we had 
not considered initially. This was a good learning experience and not 
demonstrated by our short pilot. Also, after designing a Microsoft Database 
Access Form for data entry, I learnt that my collaborator did not have this 
program easily available to him but used Excel instead. This made for much 
more work later on when it came to the data cleaning. Another important 
learning point was the length of time required to enroll enough patients when 
you are depending on the goodwill and time of the nursing staff. While Dr 
Thonsay put in lots of effort to encourage them and maintain their enthusiasm, 
he was hampered by frequent staff turnover.
Statistical Approach and Computing
The subject Data Management and Statistical Computing prepared me 
reasonably well for developing a structure for the data and use of Stata. 
However, the use of the log function I found very important for tracking my work 
over time. This could have been stressed more in the course but is probably too 
obvious to any seasoned statistician. The section of Clinical Biostatistics which 
dealt with method comparison studies was very useful and I reread this, and the 
accompanying articles, several times. I also did a literature review on the topic 
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4and examined the statistical approaches used in these studies. I found Stata 
Version 9ʼs graphing function somewhat cumbersome and frustrating to use, but 
I suspect that the updated version has ameliorated this. 
Project Description
Title: An Assessment of the Accuracy of the Broselow Tape for Estimating 
Paediatric Weight in Two Australian Emergency Departments.
Location and Dates
The project development started in November 2007, received Ethics Approval in 
April, and commenced in May 2008. Two sites were used for data collection: 
Gosford Hospital Emergency Department and Wyong Hospital Emergency 
Department. These sites are 35 kilometres apart, but share staff and fall under 
one Area Health Service Sector, serving the Central Coast of NSW between 
Sydney and Newcastle. There are no other Emergency Departments in the 
vicinity and no Paediatric Hospitals nearby. 
Context
The study was proposed by Dr Satish Thonsay, an Emergency Registrar 
working at Gosford Hospital. Each Emergency trainee is required to undertake a 
research project as part of their training towards completion of their fellowship. 
Dr Thonsay required advice on the methodology of the research project, 
determination of sample size and appropriate statistical analysis. 
Student contribution
I provided advice on the data to be collected, data collection sheet, and 
subsequent data management. I assisted Dr Thonsay in the formulation of the 
Ethics proposal and research design plan. I performed the data management 
and cleaning, once collected. I performed the statistical analysis, with advice 
from Professor Judy Simpson. 
Statistical Issues
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5The major issues involved in this project were the design, determination of 
sample size and method of analysis. The design options included retrospective 
or prospective data collection, from where to derive the study population, what 
data would be collected, by whom and how, within the constraints of a zero 
budget. The determination of the sample size was important, not only for the 
level of accuracy of the results, but also the impact on the resources and time 
required. The statistical analysis in previous studies in this area have focussed 
on correlation, regression, percentage mean error, or Bland-Altman plots of 
difference of the two methods of measurement. 
Ethical issues
The study was approved by the local ethics committee. Parental consent was 
not required as the study was observational in nature and required recording of 
measurements routinely made on children in the Emergency Department. Data 
were recorded and kept in a de-identified fashion in a secure environment.
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6Brief
The development of this project started with a series of meetings with the 
Trauma Director in May 2008. He wanted to test the set of criteria being used in 
the Emergency Department to identify patients likely to have serious injury 
mandating a trauma team response. The use of a two tiered trauma call system 
with a series of triggers for either a trauma “alert” or “attend” classification at 
triage had been in place for some years after an initial roll out period in 2004. It 
seemed to be relatively well accepted by staff but was recognized not to be 
perfect with some seriously injured patients not being picked up by the triggers. 
The availability of over 3 years of Trauma Registry data gave ample scope to 
test the efficacy of the system. The Trauma Director was keen for the system to 
pick up most cases of serious injury and for those patients requiring a team 
response to get a trauma “attend” classification. The aim of the project was to 
develop the best model for identifying serious injury using available predictors 
for the most common trauma presentation – motor vehicle accidents.
My next step was to understand the data collection process and database itself. 
This involved meetings with the Trauma Clinical Nurse Consultant (CNC) and 
current data manager. Patients were entered on to the Trauma Registry by the 
Trauma CNC after review of the Emergency presentations on the Emergency 
Data & Information System (EDIS) based on their triage entry. This is largely 
mechanistic and there may have been some variability in the entry criteria 
between different CNCs, particularly the threshold for entering relatively minor 
trauma onto the database. The trauma data collection form facilitated data 
retrieval from the medical and nursing notes. The Trauma CNCs would involve 
themselves in the management of patients fitting trauma call criteria while they 
were on shift or on call. Data were then entered into the database by the data 
manager. There have been several changes in this position over the period as 
well as improvements in IT support which have improved the robustness of the 
data entry process. The data manager was also responsible for querying the 
database and preparing reports for the Director. 
Design
WPP 2009 Declan Stewart SID 198838644
                                                                                                                                                    
7This study involved building a statistical model to predict a dichotomous 
outcome using a large set of variables collected on a large number of subjects. 
In constructing the model I considered what variables might be clinically 
important, how they might interact and what scale might be most suitable. Many 
of the ordinal variables contained small subgroups and were collapsed to form 
larger groups or binary variables. Knowledge gained in studying Linear Models 
and Categorical Data Analysis were useful here, supplemented by reading 
Applied Logistic Regression.2 The online seminars, web book and lectures 
found at the UCLA Statistical Computing website were very instructive in 
approaching logistic regression in Stata.3
Communication and Teamwork
Through a series of meetings with the Director of Trauma, Dr Reed, I came to  
understand the outcomes he wanted from the study and the history behind the 
Trauma Service. He was an excellent source of expert knowledge on the 
trauma system and how it functioned. I worked closely with the Trauma CNC 
and Data Managers to iron out the problems with the database and understand 
how the data were collected and entered. 
Statistical Approach and Computing
Considerable time was taken checking the database for errors and verifying, or 
correcting, dubious data points. The subject Data Management and Statistical 
Computing prepared me reasonably well for this and it reinforced to me the 
importance of setting up a database correctly at the outset and having the data 
in a format easy to use for queries. This database had suffered from being set 
up without appropriate input constraints or checks. Therefore it was necessary 
to return to the original records for verification of possibly erroneous entries, 
which was a very time consuming task. However, it ensured the robustness of 
the data and allowed me to become very familiar with the database. 
Project Description
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8Title: A Logistic Regression Analysis of Risk Factors for Serious Outcome in 
Trauma from Motor Vehicle Accidents.
Location and Dates
The project development started in January 2008 utilizing a trauma database 
which began in 2004. This database contained information on trauma patients 
attending Gosford Hospital Emergency Department and Wyong Hospital 
Emergency Department. These sites are 35 kilometres apart, but share staff 
and fall under one Area Health Service Sector, serving the Central Coast of 
NSW between Sydney and Newcastle. There are no other Emergency 
Departments in the vicinity and no Paediatric Hospitals nearby. After initial 
discussions with the Trauma Director in early 2008 I began work on exploring 
the database in April 2008. It took some time to grasp the large number of 
variables it contained and then reformat them for work in Stata. Following this 
initial work it became apparent that there were many problematic data points 
and the process of data checking commenced, continuing until May 2009, 
before the database could be considered sound. 
Context
The study was proposed by Dr Reed, the Director of Trauma for Gosford and 
Wyong Hospitals. It utilized the existing trauma database held at Gosford 
Hospital. Dr Reed and the Trauma CNC, Peter Mackay, were able to provide 
expert subject knowledge. 
Student contribution
I provided advice on the database review, reviewed the original data to verify or 
correct the data entry problems and was responsible for construction of the 
statistical model and analysis. I gave feedback to Dr Reed about the problems 
with the database and how these might be prevented in the future. I performed 
the statistical analysis, with advice from Professor Judy Simpson. 
Statistical Issues
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9The major issues involved in this project were interrogating the database for 
potential errors, formatting the variables for use in Stata, choosing the variables 
for inclusion in their optimal forms, construction of the logistic regression model 
and checking the model fit.
Ethical issues
The study was approved by the local ethics committee and involved review of 
an existing database with individual patients not identified. 
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Abbreviations and some frequently used technical terms
APLS Advanced Paediatric Life Support
BCA Biostatistics Collaboration of Australia
Bland-Altman Plot: visual representation of the difference between 
measurements made using two methods against the average of the two
(a more detailed description is found on page 12)
CDCCenter for Disease Control 
CI Confidence Interval
cm centimetre
DWEM Derived Weight Estimation Method
kg kilogram
LCL Lower Confidence Limit
LOA Limits of Agreement: define the range in which 95% of the differences 
between methods are expected to lie and are calculated as the bias ± 1.96 SD. 
95% CI for LOA = LOA ± tn-1,1-α SD√(3/n)
MPE Mean Percentage Error: mean value for a number of PEs
NSW New South Wales
PD Percentage Difference: 100x(scale weight - tape weight) / 
     [(scale weight + tape weight)/2]
PE Percentage Error: 100x(scale weight - tape weight) / scale weight
SD Standard Deviation
US United States (of America)
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41.0 Background
The resuscitation and emergency care of children requires the provision of drug 
doses, fluids and equipment, appropriate for the weight or size of that particular 
child. In the emergency situation a child may be too unwell to be put on scales. 
In this scenario an estimate of the childʼs weight may be made using various 
formulae, guessing, asking a carer (if present), or using the Broselow Tape. This 
device has a length-based estimate of weight, and drug doses, printed on it, 
with equipment sizes appropriate for a child of that length. The Broselow Tape is 
widely available in many Emergency Departments worldwide, but was 
developed in 1979, based on charts of paediatric growth in the United States, 
and updated in 2000. There have been several validation studies suggesting it 
to be useful, but the application to different population groups (such as Maori,1 
Hong Kong Chinese,2 Indian3) has been questioned. It has been tested in only 
one study on an Australian population4 and, in view of recent publicity regarding 
childhood obesity, we decided to test it on our own emergency department 
population. 
1.1 Development of the Broselow Tape5
This patented device was designed by James Broselow using the growth charts 
produced by the United States National Center for Health Statistics in 1979, 
based on data gathered between 1963 and 1975. These charts were last 
updated in 2000. The median weights and lengths derived from these charts 
were used to create a tape with a series of bands corresponding to kilogram 
increments of weight for children from 4 kg (term neonates, 46 cm) to 20 kg, 
and 2 kg increments thereafter up to 34 kg (143 cm). The length of the child 
from crown to heel determines to which weight band (and corresponding 
kilogram weight) they belong. This band also contains doses of medications and 
equipment sizes appropriate for a child of that weight or size. 
1.2 Other methods of paediatric weight estimation
There have been numerous formulae developed for estimating a childʼs weight 
which are aged-based, including Advanced Paediatric Life Support (APLS),6  
Shann7, Leffler8, and Oakley9. The Derived Weight Estimation Method 
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5(DWEM)10,11 incorporates body size and length to determine weight from a 
table. Recently there have been attempts to improve on these methods using 
locally validated formulae such as the Best Guess.12,13 However, age-based 
estimations suffer inaccuracy due to the non-linear relationship between age 
and weight, racial and gender differences, and the need to know the age of the 
child which is sometimes unavailable in the emergency situation. Usually a 
separate formula is required for infants and older children which can lead to 
confusion if committing them to memory. The ideal method remains to weigh the 
child on an accurate scale if at all possible. 
1.3 Review of the Literature
The first examination of the Broselow Tape by Lubitz5 in 1988 used a prototype 
with 33 numbered sections instead of kilogram values to estimate the weights of 
937 children aged from 1 week to 12 years in 5 sites. The sites comprised 
outpatient clinics, emergency departments, intensive care units and operating 
theatres from 5 cities in the United States. Analysis was performed by plotting 
weight versus estimated weight, correlation and percentage error. This study is 
notable, not only for being the first to evaluate the tape, but also for the large 
number of subjects less than 10 kilograms. Overall the study found that 10% of 
estimated weights were out by more than 20%, but in the 10-25 kg weight group  
less than 5% were out by so much (Table 1.1). Lubitz concluded that the 
Broselow Tape was very accurate for children under 25 kg. 
Table 1.1 Proportion of measurements from weight categories according to their 
Percentage error (PE) for data from Lubitz5 
Weight 
(kg) n
PE*
<10% PE 10-15% PE 15-20% PE >20%
mean error
(SD)
3.5-10 395 0.559 0.18 0.117 0.144 -0.05 kg (0.95)
10-25 449 0.65 0.214 0.087 0.049 0.39 kg (1.62)
25-40 93 0.495 0.215 0.129 0.161 3.03 kg (3.67)
Total 937 0.597 0.195 0.104 0.104 0.47 kg (1.93)
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6*where PE (Percentage Error)= 100x(actual weight - tape weight) / actual weight
The Lubitz study was emulated 12 years later in the setting of an Emergency 
Department in Hong Kong2. There were 905 children aged between 1 week and 
12 years, but over half weighed between 10 and 25 kilograms. Analysis was by 
percentage error and correlation (although the authors point out that this was 
not appropriate). This study showed again that the tape was very accurate for 
the 10-25 kg weight group but less so for children outside this category (Table 
1.2). 
Table 1.2 Proportion of measurements from weight categories according to their 
Percentage error (PE) for data from Kun2
Weight (kg) n PE*< 10% PE 10-15% PE 15-20%
PE
> 20%
mean error
(SD)
3.5-10 129 0.566 0.202 0.07 0.163 -0.30 kg (1.07)
10-25 631 0.763 0.141 0.049 0.047 0.01 kg (1.60)
25-40 149 0.524 0.141 0.148 0.188 -2.26 kg (5.31)
Total 905 0.695 0.15 0.068 0.087 -0.41 kg (2.67)
*Percentage Error = 100*(Tape weight - Actual body weight)/ Actual body weight
SD calculated from 95% CI given in paper using: μ-1.96σ / √n = LCL
Six methods of paediatric weight estimation were compared by Black4 in 2002 
in a tertiary Paediatric Emergency Department in Melbourne. Of the 495 
children aged between 1 month and 18 years entered in the study only 339 
were suitable for assessment with the Broselow Tape. This was reported to be 
the most accurate of the 6 methods and more than 95% of estimates for the 
10-25 kg weight group were within 20% of the “true” weight (Table 1.3).
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7Table 1.3 Mean Percentage Error (MPE) and Limits of Agreement (LOA) by weight 
category for data from Black4
Weight (kg) n mean PE(SD) 95% LOA 95% CI for LOA
3.5-10 121 -0.6%(12.35) -24.8 to 23.6% +/- 3.85%
10-25 132 -0.4% (9.38) -18.8 to 18.0% +/- 2.86%
25-40 86 -6.4% (12.77) -31.4 to 18.6% +/- 4.72%
*where Percentage Error = 100x(tape weight-actual weight) / actual weight
SD calculated from 95% CI given in paper using: LCL = μ-1.96σ / √n
95% LOA = MPE+/- 1.96 SD
CI for LOA = LOA ± tn-1,1-α SD√(3/n)
Table 1.4 Proportion of measurements from weight categories according to their 
Percentage error (PE) for data from Hofer14
Weight 
(kg) n
mean bias
(SD)
95% LOA
kg
(95% CL)
PE
< 10% PE 10-15%
PE
> 15%
3.5-20 -0.05 kg -3.0 to 2.9 0.66 0.2 0.14
> 20 -0.40 kg -8.0 to 5.9 0.65 0.16 0.19
Total 585 -0.52 kg(2.69)
-5.8 to 4.8 
(+/- 0.38) 0.65 0.18 0.17
*PE = 100x(estimated weight - measured weight)/ measured weight
A Swiss study14 examined the use of the Broselow Tape in children presenting 
for an anaesthetic in one year in a hospital in Zurich. The charts of 585 children 
aged 6 months to 11 years were reviewed and the recorded weights and 
lengths used to determine the accuracy of the Broselow Tape for estimating 
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8weight and endotracheal tube size. It is unclear whether Broselow Tape was 
used at the time of admission or whether the measurements were applied post 
hoc.  The analysis used a Bland-Altman plot with mean bias and Limits of 
Agreement reported. The Bland-Altman Plot is a visual representation of the 
difference between measurements made using two methods against the 
average of the two. Limits of Agreement define the range in which 95% of the 
differences between methods are expected to lie and are calculated as the bias 
± 1.96 SD.17 There was no account of scale other than to divide the subjects 
above and below 20 kilograms. The correlation coefficient was also reported 
and the study concluded that the Tape was useful for children less than 20 
kilograms (Table 1.4).
In a comparison of the Broselow Tape and APLS formula in 2003, Argall15 
looked at 300 children aged 1-10 years attending an Emergency Department in 
Manchester over a 12 week period. Analysis was by calculating the mean 
difference and plotting the difference against weight, and then using linear 
regression. The mean bias was smaller for the Broselow Tape, at -2.74 kg (95% 
CI -2.21 to -3.27), than the APLS formula (2 x (age + 4)), at -3.52 kg (95% CI 
2.95 to -4.09). DuBois compared the Broselow Tape with DWEM in 400 children 
attending a Paediatric Emergency Department in Alabama. The analysis was by 
comparison of mean percentage error, with an expected acceptable level of 5%. 
The DWEM performed better than the Broselow Tape with smaller MPE for all 
weight categories. The Broselow Tape tended to underestimate weight by 
7-10% in this population (Table 1.5). The limits of agreement were greater than 
±20% for both methods and were particularly wide for the weight group over 20 
kg.11
 Table 1.5 MPE and LOA by weight category for data from DuBois11
Weight (kg) n mean PE*(SD) 95% LOA 95% CI for LOA
< 10 100 -9.91%(15.53) -40.35 to 20.53% +/- 5.34%
10-20 100 -7.12%(11.3) -29.27 to 15.03% +/- 3.88%
20-36 100 -7.50%(26.86) -60.15 to 45.15% +/- 9.23%
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Racial differences in the performance of the Broselow Tape were demonstrated 
in a study by Theron1 of 909 children presenting to an Emergency Department 
in New Zealand. Subjects were categorized into 4 ethnic groups and analyzed 
by comparing mean percentage error, variance and Bland-Altman plot. This 
study compared 5 methods of weight estimation and concluded that the Shann 
formula was the most accurate for Maori and Islander children. However, this 
conclusion was entirely based on comparison of the MPE and ignored the limits 
of agreement which were narrowest for the Broselow Tape. The MPE for the 
Maori and Pacific Islander children was twice that of the European and Asian/
Indian children (Table 1.6). 
 
Table 1.6 Mean percentage error and LOA by racial category for data from Theron1
Ethnicity n Mean PE*(SD) 95% LOA 95% CI for LOA
Maori 226 -11.16%(13.63) -37.87 to 15.55% +/- 3.14%
Pacific Islands 420 -11.02%(11.00) -32.58 to 10.54% +/- 1.86%
European 160 -5.87%(12.53) -30.43 to 18.69% +/- 3.43%
Asian/Indian 79 -3.91%(13.97) -31.29 to 23.47% +/- 5.44%
*PE = 100x(estimated weight - measured weight)/ measured weight
The largest study to date of the Broselow Tape examined over 7,500 children 
mainly from a paediatric clinic setting in Cleveland, Ohio, in 2006.16 The 
electronic records of the clinic were used for data collection and an additional 
900 children recruited from the community. Analysis was primarily based on 
concordance between the weight estimated from the colour section of the tape 
determined by height and the measured “true” weight. Kappa values, 
percentage agreement and proportion of subjects within 10% of “true” weight 
were reported. Overall percentage difference was -3.9% with standard deviation 
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of 13.1%, and the toddlers were the least inaccurate group with only 8% out by 
more than 20% of their weight (Table 1.7).
Table 1.7 Percentage agreement and proportion of measurements from age categories 
according to their Percentage error (PE) for data from Nieman16 
Age group Percentage agreement PE <10% PE >20%
Infants 81.3% 0.55 0.11
Toddlers 60.7% 0.60 0.08
Preschoolers 64.0% 0.59 0.10
School age 58.2% 0.51 0.19
Overall 66.2%(SD 13.1%) 0.55 0.13
1.4 Aim
To determine the accuracy of the Broselow Tape in estimating paediatric weight 
in an Australian Emergency Department population. Accuracy is defined here as 
a lack of bias in comparison with the “true” weight, and is summarized using the 
percentage of children whose estimated weight was within 20% of their “true” 
weight (as this cut off is widely reported in the literature, and errors of this 
magnitude are regarded by our clinicians as leading to potentially serious dose 
discrepancies).
1.5 Design
Data were collected prospectively on 475 children, under the age of 10 years, 
presenting to the Emergency Departments of Gosford and Wyong Hospitals. 
These sites are 35 kilometres apart, but share staff and fall under one Area 
Health Service Sector, serving the Central Coast of NSW between Sydney and 
Newcastle. There are no other Emergency Departments in the vicinity and no 
Paediatric Hospitals nearby.  Weight was first estimated by nursing staff using 
the Broselow Tape, and then height and weight were recorded using standard 
anthropometric methods. The nursing staff in the paediatric area of the 
Emergency Department were given instruction on the correct use of the 
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Broselow Tape and the data to be collected. Children were weighed without 
shoes, in light clothing or underwear. Children were measured on a bed or 
standing. The scales used were regularly checked and calibrated by biomedical 
engineering staff.  Children triaged for immediate resuscitation (such as severe 
trauma or sepsis) or with skeletal deformities were excluded. 
1.6 Ethical issues
The study was approved by the local ethics committee. Parental consent was 
not required as the study was observational in nature and required recording of 
measurements routinely made on children in the Emergency Department. Data 
were recorded on a specifically designed data collection sheet. The childʼs 
medical record number was recorded but the data were otherwise not 
identifiable. It was expected that the study would improve our knowledge of a 
commonly used piece of equipment in Emergency Medicine.
1.7 Data management
Data were entered into an Excel spreadsheet and reviewed for possible errors 
by looking for outlying values for weight, height or estimated weight and large 
differences between estimated and “true” weight. Suspicious observations were 
checked against the original data sheet and discussed with the investigator. 
Where the same patient presented on multiple occasions only the data from the 
first entry was used. Analysis of the data was performed using Stata Intercooled 
SE Version 9. 
2.0 Choice of statistical analysis
The statistical methods reported in the literature relating to this problem are 
diverse and include regression with derivation of correlation coefficients, 
analysis of mean percentage errors, estimation of limits of agreement and 
depiction of Bland-Altman plots. 
Regression and correlation
The correlation coefficient, which has been frequently quoted, measures not 
agreement, but association and depends on the relative size of the variability 
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between subjects and the measurement error17 . We would, therefore, expect 
high values for studies estimating weight since the measurement error should 
be small compared to individual variability in weight, and we would expect 
methods estimating the same variable to be highly correlated. However, 
agreement is not reflected by this statistic. Linear regression assumes that the 
“true” weight is known and measured without error, and that there is constant 
variance. This is certainly not the case as the variance appears to increase with 
the weight. Interpretation of the coefficient is also problematic (for 
untransformed data) as the scale of measurement ranges from neonates at 3-4 
kilograms to 10 year olds at 34 kilograms. The clinical implication of a mean 
bias of, for example, 0.5 kilograms across such a scale is entirely different. At 
one end this represents an important difference of 25% and at the other a 
clinically unimportant difference of less than 2%. 
Comparison of difference
Bland and Altman17 recommend plotting the difference between measurements 
made using two methods against the average of the two, but this has frequently  
not been followed in studies of the Broselow Tape; instead the measured weight 
has been plotted on the horizontal axis. This is problematic for two reasons. 
First, weight is unlikely to be measured without error and second, such a 
comparison may show an apparent difference where none exists.18 In most 
cases the association between the variability and size of measurement was not 
considered, but often clearly demonstrated. 
The scale of measurement ranges from 4 to 34 kg on the Broselow Tape, nearly 
a 10-fold change in weight, and clearly the implication of a bias of 1 kg is vastly 
different for a neonate compared to a 10 year old.  Since there is most likely to 
be a proportional bias, reporting the “mean bias” of untransformed data is not 
useful. Therefore, either a transformation by logarithm or percentage difference 
should be used to allow for this relationship. The possible advantage of using 
percentage difference is that it is easily translated into the clinical context. 
Percentage Difference: 100x(scale weight - tape weight) / 
          [(scale weight + tape weight)/2]
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Percentage Error: 100x(scale weight - tape weight) / 
scale weight
Many studies have attempted to deal with the problem of scale by arbitrarily 
dividing the subjects into weight ranges and analyzing each group separately. 
Unfortunately this not only reduces the power of the study, but still leaves two, 
three, and even four-fold differences in weight within the same group. 
The elements of the Bland-Altman plot are:19
• y-axis representing the difference (or percentage difference) between two 
methods
• x-axis representing the average of the two methods
• an horizontal line representing the bias
• 2 horizontal lines representing the 95% Limits of Agreement
• Limits of Agreement define the range in which 95% of the differences between 
methods are expected to lie and are calculated as the bias ± 1.96 SD. 95% CI 
for LOA = LOA ± tn-1,1-α SD√(3/n)
• comparison of the limits with clinically reasonable value (determined a priori)
Providing confidence intervals for the LOA is also recommended by a number of 
authors20, and mentioned in Bland and Altmanʼs original paper.17 A formal 
assessment comparing the variance of the difference with the variance of the 
average can be made using Pitmanʼs test,21 which is implemented in the Stata 
command “baplot”.
2.1 Discussion of statistical methods
In deciding the most appropriate statistical approach to take, I had to consider 
whether the study was one of calibration or method comparison. This is an 
important question as it determines the assumptions underpinning our statistical 
model. Chinn22  suggests that the question of whether a method “known to be 
unbiased and repeatable” “can be predicted with sufficiently small error” by a 
second method is one of calibration.  Similarly, Bland and Altman17 suggest 
comparing “an approximate or simple method with a very precise one” is a 
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calibration problem. They denote a method comparison study as comparing 
methods whose bias and precision are unknown. 
The Broselow Tape provides estimates of weight to the nearest whole kilogram 
whereas the scales used provide readings to the nearest 0.1 kg for larger 
children and 0.005 kg for babies. We expect the scales to provide a greater 
degree of precision in measurement by a factor of 10 to 100 fold. However, 
does this make for an “unbiased and repeatable measure”? A personʼs true 
weight is, to some extent, a difficult quantity to measure as it fluctuates 
throughout the day with food intake, hydration, micturition and defaecation, 
sweating, the ambient temperature and humidity. It is also unlikely that all 
children weighed will be done so completely unclothed and the weight of the 
clothing will also create a small error. So while the expected variation in the 
Broselow estimate may be much greater than in the scale weight, the decision 
of whether this makes for a calibration or method comparison study requires 
some judgement. 
For the purposes of the project I decided that a method comparison study was 
reasonable, given that we are unlikely to ever refer to the weight measured in 
an Emergency Department as reference standard. While acknowledging that we 
are using the Broselow Tape to predict a childʼs weight somewhat imprecisely, 
the point of this study was to determine how imprecisely, that is, with what bias 
and with what loss of precision. 
2.2 Sample size
The considerations with respect to sample size were to accurately determine 
the LOA and bias if present, and to ensure a representative sample of 
Paediatric Emergency attendees across a wide range of weights. Enrolment 
was dependent on the goodwill and availability of the nursing staff, so it was not 
possible to enforce enrolment of all attendees, but children were enrolled when 
time permitted. The standard deviations of the percentage errors in my review 
of the literature range from 9.38 to 26.8, most being 12-13. Indeed, the largest 
study by Nieman with over 7500 children found a standard deviation of 13.1%. 
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Using the formula set out in Bland and Altmanʼs paper we can determine the 
desired sample size required to give a CI for LOA of +/- 2%. Using these 
previous studies as a guide I estimated that at least 400 to 600 subjects would 
be required to provide LOA with an accuracy of 2%. This is consistent with the 
sample size determination for Blackʼs study.4 To ensure an adequate range of 
weights and lengths, and to allow for the possibility of a larger variance in our 
sample, we decided to increase the target sample size to 1000. There were no 
quotas set for particular age groups, weight categories or gender.
CI for LOA = LOA ± tn-1,1-α SD√(3/n)
tn-1,1-α SD√(3/n) = 2
√(3/n) = 2 / (tn-1,1-α SD)
n = 3 (tn-1,1-α SD)² / 4
n = 0.75 (tn-1,1-α SD)²  [for large n, t ≈1.96]
n ≈ 3 (SD)²
Table 2.2 Sample size for increasing Standard Deviations
SD n
9 244
12 432
15 676
25 1876
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3.0 Preliminary Results
[The first 475 observations are used for this report owing to time constraints. 
The same methodology will be used once all the observations become 
available] 
Observations were available for 475 children after excluding duplicates and 
children taller than the length of the chart. 40% of the children were female and 
20% presented at site 2. The age distribution of the sample shows a 
preponderance of younger children (Figure 3.1). These are in keeping with the 
age and gender distributions of children presenting to these departments. 
Figure 3.1 Histogram of Age for Study Sample
The plot of estimated weight versus weight (Figure 3.2) shows that weight tends 
to be slightly underestimated (there are more observations to the right of the 
line of equality) and that there are some outliers, more so as weight increases. 
The difference between measured and estimated weight was then compared 
with the average of the two. The mean difference was an underestimation of 
1.01 kg with 95% LOA from 6.45 kg underestimation to 4.43 kg overestimation. 
The graphical representation of this relationship using the Bland-Altman plot 
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shows a proportional difference (the variance increases proportionally with 
“true” weight) and hence the need to transform the data (Figure 3.3). 
Figure 3.2 Scatterplot of estimated weight versus weight in kg with line of equality
Figure 3.3 Bland-Altman comparison of weight and estimated weight
Limits of agreement: -6.450 to 4.427
Mean difference:  -1.011 (95% CI -1.257 to -0.766)
Pitman's Test of difference in variance: r = 0.270, n = 475, p = 0.000
Two commonly used transformations, logarithmic and percent, were performed 
with very similar results. The Bland-Altman plots for the transformed data 
(Figures 3.4 and 3.5) demonstrate no significant difference in variance using 
Pitmanʼs test and appear almost identical. The percentage transformation was 
chosen because it allows for comparison across the entire scale of 
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measurements in a clinically meaningful way and is readily grasped by 
clinicians. The mean percentage difference was a 5.4% underestimation with 
95% LOA from 31.2% underestimation to 20.4% overestimation. The histogram 
of percentage differences (Figure 3.6) illustrates that the errors were 
symmetrically distributed about the mean bias.
Figure 3.4 Bland-Altman comparison of log weight and log estimated weight
Limits of agreement: 0.208 to -0.317
Mean difference:  -0.054 (95% CI 0.042 to 0.066)
Pitman's Test of difference in variance: r = -0.080, n = 475, p = 0.084
Figure 3.5 Bland-Altman Plot of Percentage difference versus average weight
Limits of Agreement: 20.43 to -31.18%
WPP 2009 Declan Stewart SID 198838644
                                                                                                                                                    
19
Mean difference: -5.4% (95% CI 4.2-6.5%)
Pitman's Test of difference in variance: r = 0.056, n = 475, p = 0.221
Figure 3.6 Histogram of Percentage differences
The Broselow Tape tended to underestimate weight by 5.4% (95% CI 4.2-6.6%) 
and the Limits of Agreement were somewhat more than plus or minus 20% 
(95% LOA from 31.2% underestimation to 20.4% overestimation of weight). A 
summary of the three methods and the 95% confidence intervals for their limits 
of agreement is presented in Table 3.1. The target of 2% accuracy for the LOA 
was attained with this sample. 
Table 3.1 Summary of mean bias and LOA
Difference in methods mean difference(SD) 95% LOA
95% limits for 
LOA
weight -1.01 kg(2.72) -6.45 to 4.43kg +/- 0.42 kg
log -0.054(0.13) -0.32 to 0.21 +/- 0.02
percent difference -5.38 %(12.91) -31.18 to 20.43% +/- 2.01%
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Examination of the results by weight category shows the proportion of subjects 
whose estimated weight was within 10% decreased from 0.68 for infants under 
10 kg to 0.53 for children over 25 kg. Only 7% of children weighing 10 to 25 kg 
were estimated with more than 20% error, compared to 12 and 19% for less 
than 10 kg and more than 25 kg, respectively (Table 3.2). 
Table 3.2 Proportion of measurements from weight categories according to their 
Percentage error (PE)
Weight Proportion <10% error
Proportion 10-20% 
error
Proportion >20% 
error
< 10 kg
n=71 0.68 0.20 0.12
10-25 kg
n=316 0.63 0.30 0.07
>25 kg
n=88 0.53 0.28 0.19
Total
n=475 0.62 0.28 0.10
4.0 Limitations
This study was observational in nature and used a convenience sample from 
two Emergency Departments requiring the goodwill of nurses and parents for 
data collection. The sample may, therefore, have potential biases. It contains, 
for example, relatively more younger children and there is an unequal gender 
distribution (although this is fairly consistent with other studies of this type). Staff 
may have targeted heavier children, consciously or unconsciously, given the 
media reports of increasing childhood obesity. This would have increased the 
amount of bias. Children who required immediate resuscitation were excluded 
and this is the very group we would anticipate using the Tape on. However, the 
sample should reflect the same population from which we would expect these 
very sick children to be drawn. We made no account for hydration status which 
might reduce slightly the measured weight but not height or estimated weight. 
The effect of this is unlikely to be large given that a severely dehydrated child 
might have lost 5-10% of its weight, but this is rare in our population.
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5.0 Discussion
The “true” weight of a child is considered for this study to be the average of the 
two methods – scale and Broselow tape. This follows the assumption that both 
measurements are subject to error. In this respect, the study differs from many 
in the literature which assume that the scale weight is “true”. This method leads 
to larger estimates of bias if the Tape tends to underestimate the weight as the 
denominator is decreased by half of the difference between the 2 methods. 
This study showed that in an Australian Emergency Department population the 
Broselow Tape tends to underestimate “true” weight on average by 5.4% and 
that about 10% of children will have an estimated weight which is out by more 
than 20%.  This is less accurate than our aim for zero bias with more than 95% 
of weights within 20% of predicted. The weight group closest to achieving this 
was the 10-25 kg group which had only 7% out by more than 20%. The group 
over 25 kg had nearly one fifth out by more than 20%. These findings are 
explained by the nature of the underlying population and the design of the tape 
itself.
The origins and construction of the Broselow Tape have important bearings on 
the accuracy we should expect from it. I examined the CDC growth charts for 
boys and girls to understand the relationship between length and weight.23 The 
weight distribution for any given length is positively skewed and this becomes 
more apparent with increasing size (Figure 5.1). The positive skew appears to 
increase markedly beyond a median weight of around 15 kg. As the Broselow 
Tape was constructed to estimate median weight for a given length band (the 
range of the length band was chosen to provide an estimate to the nearest 
kilogram, nearest 2 kilograms over 20 kilograms) the sources of error for the 
estimation would include the width of the length band, the difference between 
median and mean weights for that length band, gender, error in use of the tape 
and random error.  Since the distribution is positively skewed the mean will 
always be greater than the median, therefore the average difference between 
the “true weight” and estimated (median) weight for a population of children of 
given length will be greater than zero and increase with the degree of skew. 
Thus, it should also be expected that the tape will, on average, underestimate 
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weight given the positively skewed nature of weight-for-length distributions. This 
relationship was hinted at in only one of the studies reviewed but reflects one of 
the inherent limitations of both the Broselow Tape and age-based formulae. 
Figure 5.1 Center for Disease Control: Weight for Stature Chart for Girls
Examining the variance of the underlying population in a little more detail 
provides some further clues as to the degree of accuracy we can expect. For 
example, reading off the values from the smoothed growth weight for stature 
chart for girls (Figure 5.1), the median weight for a girl of 117 cm is 21 kg and 
50% of girls of this height will weigh within plus 7.6% and minus 5.6% of this 
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weight. However, 94% of girls of this height will weigh within plus 28.6% and 
minus 14.1%. Looking at girls of length 77 cm with a median weight of about 
10kg, 50% will weigh within 5% of this and 94% will weigh within plus 18% and 
minus 13.5%. Given that boys and girls are combined on the Broselow Tape 
and estimates are made to the nearest kilogram, it seems reasonable that 95% 
Limits of Agreement might be, at best, around 20% of a childʼs weight. 
Furthermore, the gradations of the tape start with 1 kg increments representing 
a 25% change for neonates around 4 kg down to a 10% change as we 
approach 10 kg. Beyond 20 kg the tape progresses in increments of 2 kg up to 
a maximum weight of 34 kg. Thus, the incremental change is rather large for 
those children up to 10 kg which explains why the tape performs less well for 
this weight group. These limitations have been discussed previously by Lubitz5 
and Kun2. However, nearly 70% will still be within 10% of their “true” weight. 
The differences in accuracy of the tape for the three weight groups are 
determined by the interaction between the design limitations of the tape and the 
variations in weight for a given length of the underlying population.
Although comparisons with other studies are made more difficult by a lack of 
uniformity in the statistical methods and weight categories reported, our results 
are consistent with the larger studies of accuracy of the Broselow Tape.2,5,16  
The mean bias we report of -5.4% is very similar to that reported by Theron for 
children of European background (-5.9%) in New Zealand, but slightly larger 
than the bias that she reports for children of Asian/Indian ethnicity (-3.9%),1 and 
that Nieman reports from Ohio (-3.9%).16 Black found almost no bias for 
children in Melbourne under 25 kg (-0.6 and -0.4%) and -6.4% for children over 
25 kg. 4 The mean bias in children from Alabama reported by DuBois was 
considerably larger. This ranged from -9.9%, for children less than 10 kg, to 
7.5%, for children over 20 kg, and may reflect a heavier population there. 11 
In terms of the proportion of estimates out by more than 20%, there is broad 
consistency across the studies where this has been reported (Table 5.1). This 
demonstrates high levels of accuracy for children between 10 and 25 kg 
compared to the other weight groups. With respect to LOA, our results are
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similar to those reported by Theron for children of European (-30.4 to 18.7%) 
and Asian/Indian (-31.2 to 23.5%) descent. 1 Black reported LOA within +/- 20% 
for children between 10 and 25 kg, but for over 25kg LOA were from -31.4 to 
18.6%.4 In contrast the LOA reported by DuBois were very wide, although the 
actual sample sizes were smaller than in the aforementioned studies. 11 It may 
be that the variability in weight for a given length in Alabama is, indeed, greater 
than the other populations studied, limiting the utility of the Tape for that 
population.
Table 5.1: Comparison of proportion of estimates with PE > 20% between Lubitz, Kun 
and this study
Lubitz5 Kun2 Stewart
Weight n PE > 20% n PE > 20% n PE > 20%
3.5-10 kg 395 0.14 129 0.16 71 0.12
10-25 kg 449 0.05 631 0.05 316 0.07
    25+ kg 93 0.16 149 0.19 88 0.19
Our findings support the use of the Broselow Tape for children expected to 
weigh between 10 and 25 kg in populations of European, Asian or Indian 
descent. Outside this weight category one can expect less accuracy, particularly 
for children over 25 kg. It is unlikely that age-based estimations will perform 
more accurately than ones which incorporate length or body size owing to the 
inherent variability in the underlying population. Clinicians must bear this 
variability in mind when using any estimations of weight and be prepared to 
adjust medication doses to clinical response. The most obvious solution would 
be to build a scale into the resuscitation trolley, but this is likely to prove 
expensive.
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6.0 Conclusion
This study adds to our knowledge and understanding of an important piece of 
paediatric emergency equipment. Our results are consistent with those of 
previous studies which have shown the Broselow Tape to perform best for 
children weighing between 10 and 25 kg. We found the tape underestimates 
“true” weight on average by 5.4% when used in our Emergency Department 
population, with 95% limits of agreement from 31.2% underestimation to 20.4% 
overestimation. However, only 7% of the estimates for children weighing 
between 10 and 25 kg were out by more than 20%. Therefore, we conclude that 
the Broselow Tape can reliably be used for children weighing between 10 and 
25 kg but that it is less accurate outside this range. Clinicians should be 
particularly wary about its use in children over 25 kg for whom one fifth of 
weight estimates may be out by more than 20%. Despite these reservations the 
Broselow Tape still appears to be more accurate than age-based formulae and 
will continue to be useful in the emergency care of children.  
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3Abbreviations
AIS  Abbreviated Injury Score
BIBA  Brought in by ambulance
CNC Clinical Nurse Consultant
df  degrees of freedom
ED   Emergency Department
EDIS Emergency Data & Information System
GCS Glasgow Coma Scale
HDU  High Dependency Unit
ICU  Intensive Care Unit
ISS  Injury Severity Score
MBA Motorbike Accident
MVA Motor Vehicle Accident
NSWAS New South Wales Ambulance Service
PPV  Positive Predictive Value
ROC Receiver Operating Characteristic
RTS  Revised Trauma Score
TS  Trauma Score
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4Background
The medical definition of trauma is “physical injury”, coming from the Greek “to 
wound”, and encompasses injury from blunt or penetrating forces, 
environmental injury such as heat or cold, and drowning. Traumatic injury, 
therefore, represents a heterogeneous group of mechanisms including, for 
example, motor vehicle accidents, falls, gunshot wounds and immersion.  The 
outcome of this diverse range of possible mechanisms will depend on the 
interplay between the insult itself, host factors such as age, sex and co-
morbidities, protective factors such as helmet or seatbelt use, and events 
occurring post-insult such as entrapment or prolonged “scene time”, i.e. time at 
the scene of the injury. 
Interest in, and research into, the medical response to trauma stemmed from 
concerns about the management of light plane crashes and then motor vehicle 
accidents in the United States in the early seventies. It was soon appreciated 
that a systematic response was required linking the ambulance, or first 
responder, to the appropriate hospital emergency facility and, thereafter, the 
need for a team response for the severely injured patient. This led to systems of 
field triage of trauma patients using various tools, based on mechanistic criteria 
or physiological derangement, for determining transfer to designated trauma 
centres.1 In these centres a co-ordinated Trauma Team response is made by 
surgical, emergency, anaesthetic, nursing, radiology and ancillary services. It is 
hoped that this improves outcomes for trauma patients but the attendance of 
the entire team is costly in terms of time, effort and disruption of their other 
duties. Efforts at improving the efficiency of this team response by introducing a 
criteria-based, stepwise response for full, or partial, team attendance have been 
trialled in various forms.2 3 4 The criteria for determining the type of response 
tend to be based on mechanism and/or physiologic derangement. Gosford 
Hospitalʼs trauma triage tool aims to distinguish seriously injured patients 
requiring a full response from those less seriously injured who will only require 
an emergency department response. It is expected that about 50% of the full 
response patients will have a serious injury and less than 10% of partial 
response will have serious injury.  
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5The Trauma Service at Gosford Hospital has been running since 2004 and has 
grown to comprise a Medical Director, Nursing CNC and Data Manager. The 
functions of the Service are to provide leadership and training in the provision of 
high quality care for trauma patients. A trauma registry commenced in 2004, 
with a view to collecting data for quality assurance and to contribute to a 
statewide registry for comparison of outcome data with other hospitals. At that 
time it was noted that the response of various parties to a Trauma Call was 
sometimes poor and that this reflected a system whereby too many calls were 
put out (based often on mechanism) which were not, in fact, severely injured 
and so did not require a full team response. The activation of a team response 
requires the attendance in the Emergency Department of a number of staff who 
would normally be busy elsewhere in the hospital, namely, the surgical, 
anaesthetic and ICU registrars and the radiographer responsible for performing 
mobile films. The interruption of these valuable resources several times a day, 
for low yield, creates a significant risk of non-response over time, or at the very 
least impedes the efficiency of their work. A two tiered system was then put in 
place by which the more severely injured would receive a “Trauma Attend” 
classification, mandating the attendance of the Emergency Consultant on call 
after hours, the surgical, anaesthetic and ICU registrars, in addition to the usual 
on site Emergency staff. The less severely injured, or those with a suspicious 
mechanism of injury, would receive a “Trauma Alert” classification resulting in 
those staff being notified by paging service of the patientʼs arrival in the 
Emergency Department but not expected to attend immediately. This system 
has been in place for some years and the Trauma Director wanted to assess 
the efficacy of predictors of serious outcome using data from the trauma 
registry. 
Defining the Outcome Variable
The outcome was considered “serious” if the subject died, or had an Injury 
Severity Score (ISS) greater than 15, or required emergency surgery in the first 
24 hours, or ICU admission, or transfer to a tertiary hospital for definitive 
management. Various gold standards have been used for determining triage 
accuracy in studies of trauma triage tools. While mortality is attractively 
unambiguous, it is a relatively rare event and fails to consider the large amount 
of morbidity associated with trauma. The ISS and a composite endpoint 
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6including death, ICU admission and need for emergency surgery have been 
used as surrogate markers for resource use.5 We adopted this strategy and 
added the need for tertiary transfer to create a combined outcome measure 
designated “serious outcome”. Therefore, our definition of a “serious outcome” 
was based not just on the injuries to the patient (represented by the ISS) but 
also the resources required to manage them.
The Injury Severity Score (ISS) is an internationally recognised standard for 
measuring degree of injury in trauma and a score greater than 15 is generally 
accepted as denoting severe trauma worldwide. ISS represents the sum of the 
squared Abbreviated Injury Scores (AIS) from the worst 3, of a possible 6, body 
regions. It has the advantage of widespread use but must be applied 
retrospectively once injuries are evaluated and allows for each body region to 
be scored only once.6 Increasing ISS is associated in a non-linear fashion with 
mortality.7 It is recognised that ISS does not necessarily correlate well with 
morbidity or resource use; therefore, other indicators were used for this 
purpose.8 Admission to ICU, requirement for urgent surgery and need for 
retrieval to a tertiary centre represent surrogate markers of injury severity which 
encapsulate the response of the patient to injury and treatment, as well as 
being resource intensive. Admission to an Intensive Care Unit is required for 
severely injured trauma patients when they require ventilatory support, intensive 
monitoring, peri-operative care, more complex or intensive analgesia than can 
be provided on a ward, or have significant co-morbidities complicating the care 
of their injuries. The requirement for emergency surgery in the first 24 hours 
denotes those patients requiring neurosurgical intervention, cardiothoracic 
surgery for mediastinal injury or haemostasis for bleeding in the chest cavity, or 
intraabdominal injury necessitating surgery, and angiography for haemorrhage 
control or stabilization of pelvic injury. The requirement for tertiary transfer is 
largely determined by the ability of the hospital to provide the specific surgical 
expertise. 
Potential Predictors of a Severe Outcome
In the prehospital setting trauma triage tools have focused on three broad 
categories - mechanism, anatomical injury patterns and physiological 
derangement. Since the anatomical injury patterns are represented in the ISS 
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7and will form part of the outcome variable I will limit my discussion to 
mechanism and physiological derangement.
The mechanisms suggested by the American College of Surgeons as predicting 
need for transport to a Major Trauma Centre include: death of a fellow 
passenger, ejection, rollover, extrication time greater than 20 minutes,  high 
speed (>40 mph), deformity of vehicle >20 inches, intrusion >12 inches into 
passenger compartment.9 However, mechanism alone is a poor predictor of 
injury severity and has been found to result in overtriage of between 14 and 
43%.10 In a study of over 1400 trauma patients in California, 4 of 10 (40%) 
prolonged extrications, 15 of 67 (22%) ejections, 3 of 14 (21%) co-fatalities, and 
16 of 84 (19%) patients with intrusion of passenger space were found to have 
ISS greater than 15.11 The NSW Ambulance Service recommends transport to a 
Trauma Centre for the following mechanisms: death in the same vehicle, 
intrusion 30cm, steering wheel deformity, patient side impact, ejection, 
entrapment with compression, rapid deceleration.  In Boyleʼs review of the 
literature on mechanism he concluded that mechanistic “criteria alone are not 
good predictors of major trauma or the need for trauma team activation”.12 
However, they may have a place in conjunction with other predictors such as 
physiological predictors.
The physiological predictors of mortality or severe injury in trauma include those 
incorporated in the Glasgow Coma Scale (GCS), blood pressure (BP), 
respiratory rate (RR), heart rate (HR), Trauma Score (TS), Revised Trauma 
Score (RTS) and Systemic Inflammatory Response (SIRS). The first studied 
was the GCS which has been shown to be a reliable predictor of mortality when 
taken at presentation to hospital. It is less reliable in the field as it tends to 
improve with resuscitation.13  GCS has since been incorporated into the Trauma 
Score and Revised Trauma Score which are based on 3 physiological 
responses – GCS, respiratory rate and blood pressure. The Trauma Score also 
included respiratory expansion and capillary refill, however these were found to 
have a low interrater reliability and were dropped in the Revised version. The 
RTS is widely used and has been well validated. Using a subset of more than 
26,000 patients from the Major Trauma Outcome Study, an RTS <= 11 was 
found to have a sensitivity of 59% and specificity of 82% for identifying patients 
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8with ISS>15.14  Hypotension in trauma is generally defined as a systolic blood 
pressure of less than 90 mmHg in an adult. Prehospital hypotension has been 
associated with increased risk of death and need for operative intervention.15  
Unfortunately tachycardia is not a reliable predictor of hypotension, and hence 
severe injury in trauma, as hypotension can occur with normal heart rates.16  As 
with all physiological variables there is considerable between and within subject 
variability and the response may change with the passage of time and any 
resuscitation provided. The patientʼs age, co-morbidities and medication use will 
also alter their responses so many studies have excluded older patients. This 
makes it difficult to understand how best to apply physiological predictors to the 
older trauma patient. Other important predictors considered in trauma have 
been age, gender, race and insurance status. Many studies in trauma have 
excluded patients over 55-65 years which is disappointing given our ageing 
population. However, even when limited to less than 55-65 years, age is an 
important predictor of mortality. In a very large study using the US National 
Trauma Database, mechanism of injury, age, race, RTS, ISS and insurance 
status were shown to independently predict death or functional status at 
discharge.17 Gender has been shown not to influence mortality in trauma, but 
may have a role to play in morbidity after major trauma.18  
Location
The NSW Central Coast is a geographically diverse region bounded by the 
Tasman Sea on the east, mountains on the west, Hawkesbury River to the 
south and Myall Lakes to the north. The freeway between Sydney and 
Newcastle runs roughly north-south through the middle of the region and is a 
regular source of high speed MVAs. The population of the region is about 
300,000 and swells by 30-50,000 during the summer school holidays. The 
coastal parts have a higher population density which thins moving westward 
becoming less urban and more rural west of the freeway. Consequently 
ambulance response and transport times from the north and western parts of 
the region can be lengthy. The region is served by two acute care hospitals. 
Gosford is the designated Trauma Centre and consequently receives most of 
the major trauma. Patients presenting with trauma at Wyong (35 kilometres 
away) may be cared for there or, if requiring ICU or orthopaedic care, may be 
transferred to Gosford. There are no specialist facilities for neurosurgery, 
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9cardiothoracic surgery, pelvic angiography or paediatric intensive care on the 
Central Coast which necessitates transfer of patients with these problems 
elsewhere. 
Aim
To determine the predictors of serious outcome in trauma from MVAs.
Design
The outcome of interest was binary in nature and there were many possible 
predictor variables. Therefore, a multivariate logistic regression analysis of data 
from the Trauma Registry was performed.
Ethical issues
The study was approved by the local ethics committee. It was observational and 
analytic in nature using de-identified patient data.
Data management
The database was exported from Access into Stata and interrogated for 
possible errors by looking for outlying values. Suspicious observations were 
checked against the original data sheet or medical record and discussed with 
the investigator and verified or corrected.  Analysis of the data was performed 
using Stata Intercooled SE Version 9. 
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The Database
The database contained information on 4970 patients presenting between 
January 2005 and April 2008. There were 106 variables of which only some 
were relevant.  Patients were uniquely identified by ID number, and medical 
record number. Outcome variables included death, ICU admission and length of 
stay, surgery, discharge, referral and transfer details. There were multiple 
variables relating to time of presentation and ambulance times. Some variables 
shared very similar information which would have led to problems with 
collinearity had they all been included. For example, the information contained 
in the “type of injury” variable related to blunt or penetrating injury but was also 
contained in the “mechanism of injury” variable. “Vehicle speed” was available 
for almost all vehicle accidents but “speed zone” was missing for many and 
therefore not used. All potential predictor variables available on the database 
were identified with the assistance of the Trauma Director and CNC and the 
most clinically relevant and complete were evaluated by univariate and then 
multivariate analysis..
Some variables were common to all patients but others were specific to certain 
mechanisms of injury. There were many more variables pertaining to car and 
motorbike accidents than for the other types of injury. This limited the 
possibilities for model building to a rather restricted general model for all 
mechanisms including variables common to all or a more complex model 
relating to a particular mechanism. As the triage tool uses cut-offs for abnormal 
values of the physiological variables these were converted to categorical 
variables indicating abnormal or normal values. For children the values from the 
NSWAS Trauma Triage Tool were used for the physiological cut-offs.  
Potential predictors common to all patients are listed in Table 1. However, only 
patients brought in by ambulance (BIBA) will have prehospital observations 
recorded. Additional potential predictor variables relating to car accidents are 
found in Table 2, and to motorbike accidents in Table 3. 
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Table 1: Potential predictor variables common to all patients and all mechanisms
Variable Coding Comments
age at date of injury Continuous age in years
sex 0 = male
1 = female
mechanism 0-10 discrete
arrival mode 0 = private 
1 = ambulance
time at scene
(minutes)
continuous Zero unless BIBA
Prehospital heart rate 0 = normal
1 = abnormal (<50 or >120 for adults)
only applies to BIBA
Prehospital respiratory rate 0 = normal
1 = abnormal (<10 or >29 for adults)
only applies to BIBA
Prehospital systolic BP 0 = normal
1 = abnormal (<90 for adults)
only applies to BIBA
Prehospital GCS 0 = >13
1 = ≤13
only applies to BIBA
ED heart rate 0 = normal
1 = abnormal (<50 or >120 for adults)
ED respiratory rate 0 = normal
1 = abnormal (<10 or >29 for adults)
ED systolic BP 0 = normal
1 = abnormal (<90 for adults)
ED GCS 0 = >13
1 = ≤13
Year 0= 2005
1= 2006
2= 2007
3= 2008
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Table 2: Potential predictor variables pertaining to motor vehicle accidents (MVA)
Variable Coding Comments
Speed  0= <100km/h
 1= ≥100km/h
reported speed
Rollover  0 = No
 1 = Yes
vehicle rolled over
Death in Vehicle  0 = No
 1 = Yes
death of an occupant
Entrapment  0= Not trapped
 1= Trapped ≤20 min
 2= Trapped >20 min
patient trapped in vehicle
Ejection  0 = No
 1 = Yes
patient ejected from vehicle
Restraint  0 = Lap/sash (reference)
 1 = Child restraint
 2 = Lap
 3 = None
Place in vehicle  0 = Driver
 1 = Front Passenger
 2 = Rear Passenger
Airbag  0 = No airbag deployed
 1 = airbag deployed
Table 3: Potential predictor variables pertaining to motorbikes (MBA)
Variable Coding Comments
Speed  0= <100km/h
 1= ≥100km/h
reported speed
mbroad  0 = sealed road
 1 = off road
Road or Offroad use of motorcycle
mbjump  0 = not jumping
 1 = jumping
Motorcycle involved in a jump
bodyarmour  0 = no body armour
 1 = body armour use
MBA wearing body armour
helmet  0 = helmet used
 1 = no helmet used
struckobject 0 = no collision
1 = collision with solid object
eg power pole, wall, guardrail
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Statistical Methods
This study examined the relationship between a binary outcome variable and a 
number of predictor variables some of which were continuous, others 
categorical in nature. A multivariate logistic regression model with backward 
elimination was used to model this relationship and analysed to determine the 
most useful predictors of serious outcome using an existing trauma database. 
Univariate analysis was performed using contingency tables for categorical 
variables as the chi-squared test approximates the likelihood ratio test in the 
regression model.
 
Variables considered important by the clinical staff or with P < 0.25 were 
considered for entry into the multivariate analysis. These variables were used to 
create the full model.  Least significant variables were progressively eliminated 
from the model and the new model was compared to the full model using the 
likelihood ratio test. This process resulted in a preliminary main effects model. 
The shape of the relationship between the continuous variables and serious 
outcome was assessed using lowess smoothing. The model was checked for 
plausible interactions between the predictor variables. The fit of the final model 
was examined by area under the Receiver Operating Characteristic (ROC) 
Curve and the Hosmer-Lemeshow test. Various regression diagnostics were 
used to assess for influential observations which were reviewed. 
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Preliminary exploration of Database
About two-thirds of the subjects on the trauma database were male. Males were 
more likely to have a serious outcome, being over-represented in riskier 
mechanisms such as motorbike accidents, assaults and industrial accidents. 
Males and females were found in similar numbers at the extremes of age but 
males were over-represented between these extremes (Figure 1). 
Figure 1: Histogram of age for males and females
The age distribution of subjects in the database ranged from less than 1 year to 
over 90 years of age, but is left-skewed with a median age of 27. Generally the 
risk of serious outcome increased with age but while this appeared fairly linear 
for males it was u-shaped for females with risk decreasing in the later years of 
childhood before increasing again in the late twenties and thirties (Figure 2). 
Figure 2: Lowess plot of Logit(outcome) and age for males and females
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In terms of mechanism, road traffic accidents constituted the majority of 
presentations seen, with motor vehicle and motorbike accidents making up 40% 
and 15% respectively (Table 4). The next largest group was “falls from any 
height” at 14% of presentations. The last group “Other” included various 
mechanisms not fitting easily into any category such as immersion, hangings 
and inhalation of toxic gases. Interestingly the outcome from motor vehicle 
accidents was serious in only 8% of cases which compared favourably with the 
other mechanisms. Burns, industrial accidents and penetrating injuries from 
stabbing or firearms were associated with nearly 50% risk of serious outcome 
(Table 4). The overall rate of serious outcome was 19.8%. Serious outcome was 
associated with male gender (22% serious outcome for males, 14% for females) 
and age for some of the mechanisms (MVA and falls). It appeared that    rates 
of serious outcome decreased over time.
Table 4: Outcome by mechanism for all subjects
Mechanism Serious
outcome 
% serious for that 
mechanism
n % all 
mechanisms
MVA 160 8 1981 40
Assaults 81 29 281 6
Burns 74 47 156 3
Fall any height 215 31 688 14
MBA 140 19 726 15
Pedal cyclist 44 17 263 5
Pedestrian 54 21 255 5
Recreation 84 26 320 6
Shooting/stabbing 42 48 88 2
Industrial 31 50 62 1
Other 60 40 149 3
Total 985 20 4970 100
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Outcome variable
The outcome was considered “serious” if the subject died, or had an ISS greater 
than 15, or required emergency surgery in the first 24 hours, or ICU admission, 
or transfer to a tertiary hospital for definitive management. The frequencies of 
the various components of serious outcome are summarized in Table 5. 
Patients may have more than one criterion present for serious outcome such as 
death and ISS>15, or ICU admission and ISS>15.
Table 5: Frequency of criteria for serious outcome among 4970 subjects
Serious Outcome Variable Yes Percent Total
ISS > 15 380 7.6
Surgery <24h 328 6.6
ICU 226 4.5
Transfer out 382 7.7
Death 56 1.1
Total Serious Outcome 985 19.8
[NB: Subjects may have multiple criteria for serious outcome]
There were a large number of variables to assess but many were specific to 
certain types of mechanism. For example many variables specifically related to 
either MVA or MBA and not to other mechanisms. Therefore, it seemed 
appropriate to focus on those mechanisms for which there were relatively more 
variables to model rather than to try to build a model which would include 
mechanism but have lots of missing values. With this in mind we decided to 
develop a model for the largest group by mechanism, the motor vehicle 
accidents (n=1981). 
Univariate Analysis of MVAs
Subsequent analysis was restricted to observations pertaining to MVAs 
(excluding MBAs and pedestrians) and those observations with missing values 
(such as vital signs in Emergency) were dropped. This reduced the number of 
observations from 1981 to 1695. The records with missing values had a slight 
predominance of children because blood pressure was often not recorded for 
children who appeared well. Otherwise missing data points represented 
incomplete records. The proportion with serious outcome was lower among 
records with missing data. 
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Gender
Just over half the patients presenting from MVAs were female., The age 
distribution was similar by gender with young adults in their late teens and 
twenties making up the most frequent groups (Figure 4). The rate of serious 
outcome for males was 10 percent which was somewhat higher than females at 
7 percent. The median age was higher for both males and females with serious 
outcomes (Figure 5).
Figure 4: MVA Histogram of age by gender
Figure 5: Boxplot of age by outcome and gender
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Age
I considered modelling age as a continuous variable but the relationship 
appeared non-linear for age less than 50 years, increasing thereafter in a linear 
fashion. Determining risk by age groups suggested that 65 years would be a 
satisfactory cut-off; it is widely used in the literature to denote “elderly” trauma 
patients (Figure 6 and Table 6). Therefore, age was recoded as a binary 
variable with age less than 65 years the reference group. 
Figure 6:  MVA Lowess plot of Logit(outcome) and age for males and females
Table 6: Serious outcome for MVAs by age category
Age group in
years
Serious
Outcome = Yes
% Serious Serious
Outcome = No
Total
0-14 8 7 105 113
15-19 21 6 303 324
20-24 18 8 207 225
25-29 9 5 156 165
30-34 8 7 110 118
35-49 26 8 289 315
50-64 17 8 199 216
65-100 41 19 178 219
Total 148 9 1547 1695
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Information on the speed of the vehicle was usually self-reported by the patient 
involved and may not be very reliable. This may explain why speed was only 
somewhat associated with outcome. Traditionally the cut off for speed has been 
over 60 km/hr but the data showed no support for an association with risk for 
speeds less than 100 km/hr. Therefore, speed was recoded to an indicator 
variable with less than 100 km/hr as the reference group. Ejection from the 
vehicle or death of another occupant were relatively rare events but are 
considered important predictors of serious outcome. Interestingly, vehicle 
rollover was a more common event but in this population was not associated 
with increased risk of serious injury. Entrapment for longer than 20 minutes had 
been used as a predictor in the triage tool and was strongly associated with risk 
of serious outcome, but entrapment for less than 20 minutes was also 
associated with increased risk (Table 7).
Table 7: Association of MVA variables with serious outcome on univariate analysis  
Variable Serious outcome n Positive Predictive Value (%)
Ejection from vehicle 3 6 50
Death in vehicle 5 12 42
Rollover 14 224 6
Trapped ≤ 20 min 17 63 27
Trapped  > 20 min 18 33 55
Airbag deployed 25 255 10
Driver 98 1115 9
Front passenger 30 363 8
Rear passenger 20 198 10
Lap sash seatbelt 142 1588 9
Child restraint 2 19 11
Lap belt 1 33 3
No seatbelt 3 55 5
PPV = Proportion of true positives with a positive test/risk factor, ie: 100x(serious outcome)/n
The physiological variables came from both ambulance data at the scene and 
on arrival in the Emergency Department. Therefore, the same physiological 
measures were re-measured with some separation in time for 86% of the 
sample and the prehospital physiological variables were not measured in the 
remaining 14% who came in by private transport. There was some overlap 
between prehospital and hospital measurements: some patients developed an 
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abnormal measure in emergency, some recovered from an abnormal measure 
and some stayed abnormal. Overall the numbers of abnormal physiological 
measurements were small. This led to a risk of numerical instability and also 
collinearity when performing the multivariate analysis. To deal with these issues 
I decided to create new physiological variables indicating an abnormal 
measurement in either the prehospital or emergency department setting (Table 
8). 
Table 8: MVA Characteristics of physiological variables
Variable Serious  outcome Abnormal Positive predictive 
value (%)
Prehospital HR 12 62 19
Prehospital RR 7 23 30
Prehospital BP 13 30 43
Prehospital GCS 17 30 57
ED HR 15 49 31
ED RR 11 22 50
ED BP 10 13 77
ED GCS 15 21 71
Any Abnormal HR 19 93 20
Any Abnormal RR 17 41 41
Any Abnormal BP 20 40 50
Any Abnormal GCS 20 34 59
PPV = Proportion of true positives with a positive test/risk factor, 
ie: 100x(serious outcome)/abnormal
The univariate results for the potential predictor variables are summarized in 
Table 9. Age greater than 65 years, entrapment, long scene time and 
physiological derangements seem to be the strongest predictors of serious 
outcome. Speed greater than 100km/hr, a fatality in the accident and arrival by 
ambulance also seem to be quite important univariate predictors. There was no 
evidence for an association with airbag deployment, type of restraint worn or 
place in the vehicle.
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Table 9: MVA univariate results
Variable Coding n P Chi2 df OR 95% CI
Age 0= <65
1= ≥65
1476
219
0.0001 31.5 1 2.95 1.99-4.36
Sex 0= male
1= female
820
875
0.033 4.56 1 0.69 0.49-0.97
Year 0= 2005
1= 2006
2= 2007
3= 2008
542
482
564
101
0.11 6.09 3 1
0.87
0.61
0.55
0.57-1.32
0.40-0.94
0.23-1.31
Speed 0= <100km/h
1= ≥100km/h
1249
446
0.003 8.66 1 1.69 1.19-2.41
Rollover 0 = No
1 = Yes
1471
224
0.16 1.99 1 0.67 0.38-1.18
Death in Vehicle 0 = No
1 = Yes
1683
12
0.001 16.5 1 7.69 2.41-24.55
Trapped time 0= Not trapped
1= Trapped ≤20 min
2= Trapped >20 min
1599
63
33
0.0001 118 2 1
4.86
15.88
2.70-8.75
7.75-32.14
Ejection 0 = No
1 = Yes
1689
6
0.03 4.6 1 5.28 0.96-29.10
Restraint 0 = Lap/sash 
1 = Child restraint
2 = Lap
3 = None
1588
19
33
55
0.55 2.1 3 1
1.20
0.32
0.59
0.27-5.24
0.04-2.35
0.18-1.91
Place in vehicle 0 = Driver
1 = Front passenger
2 = Rear passenger
1115
363
198
0.76 0.54 2 1
0.93
1.17
0.61-1.43
0.70-1.94
Arrival mode 0 = Private transport
1 = Ambulance
198
1497
0.001 14.6 1 6.97 2.20-22.08
Airbag 0 = No airbag
1 = Airbag deployed
1440
255
0.51 0.43 1 1.16 0.74-1.83
Time at scene minutes 1695 0.0001 63.2 1 1.04 1.03-1.05
Any abnormal 
heart rate
0 = normal
1 = abnormal (<50 
or >120 for adults)
1602
93
0.0003 12.9 1 2.93 1.72-5.01
Any abnormal 
blood pressure
0 = normal
1 = abnormal (<90 for 
adults)
1655
40
0.0001 47.9 1 11.92 6.26-22.75
Any abnormal
Respiratory rate
0 = normal
1 = abnormal (<10 
or >29 for adults)
1654
41
0.0001 33.1 1 8.24 4.31-15.71
Any abnormal
GCS
0 = >13
1 = ≤13
1661
34
0.0001 56.3 1 17.1 8.44-36.67
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  Multivariate analysis of MVA
Potential predictors with P>0.25 were dropped for multivariate analysis. 
Although there was a statistically significant reduction in serious outcomes 
over the years of analysis this would not be a useful predictor in a triage tool 
and so the year of the accident was not included in the model. The remaining 
variables were included in the multivariate full model (Table 10). 
Table 10: MVA full multivariate logistic regression model
Variable P Crude OR Adjusted OR 95% CI
Age≥65 years 0.0001 2.95 3.38 2.17-5.28
Female 0.10 0.69 0.73 0.49-1.07
Speed≥100km/h 0.16 1.69 1.35 0.89-2.04
Rollover 0.08 0.67 0.55 0.28-1.07
Death in Vehicle 0.10 7.69 4.12 0.78-21.77
Trapped time
   Not trapped
   Trapped ≤20 min
   Trapped >20 min
0.0001
1
4.86
15.88
1
2.70
6.93
1.38-5.31
2.89-16.62
Ejection 0.09 5.28 6.19 0.75-50.90
Arrival by ambulance 0.29 6.97 1.92 0.58-6.46
Time at scene (mins) 0.0001 1.04 1.03 1.02-1.04
Any abnormal 
heart rate
0.27 2.93 1.49 0.73-3.02
Any abnormal 
blood pressure
0.0001 11.92 6.09 2.67-13.79
Any abnormal
respiratory rate
0.003 8.24 3.72 1.58-8.78
Any abnormal
GCS
0.0001 17.1 8.14 3.40-19.50
Variables which appeared not to be adding to the model were sequentially 
removed and the new model tested against the old using the Likelihood Ratio 
Test. The variables denoting fatality in the same accident and ejection from the 
vehicle were retained on clinical grounds. These were relatively rare events but 
are widely considered important predictors of serious outcome. After removing 
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the variables abnormal heart rate, sex, arrival mode, speed and rollover in that 
order, the preliminary main effects model was reached. There was little change 
in the size of the coefficients between the full and preliminary model indicating 
that the variables removed did not influence the remaining variables to any 
great extent (Table 11). 
Table 11: MVA Preliminary Main Effects Model
Variable P Coefficient Adjusted OR 95% CI
Constant -3.69
Age≥65 years 0.0001 1.21 3.36 2.17-5.19
Death in Vehicle 0.10 1.37 3.92 0.78-19.68
Trapped time
   Not trapped
   Trapped ≤20 min
   Trapped >20 min
0.0001  
1.00
1.89
1
2.73
6.61
1.40-5.32
2.77-15.77
Ejection 0.11 1.77 5.84 0.68-50.11
Time at scene 0.0001 0.03 1.03 1.02-1.04
Any abnormal 
blood pressure
0.0001 1.77 5.87 2.63-13.08
Any abnormal
respiratory rate
0.001 1.44 4.23 1.82-9.94
Any abnormal
GCS
0.0001 2.19 8.91 3.75-21.17
The functional form of the continuous variable “time at scene” was examined 
graphically. The lowess smoothed plot against the logit of the dependent 
variable suggested that the relationship was reasonably linear (figure 7). The 
model did not appear to be improved by the introduction of higher order terms 
for time at scene, therefore the assumption of linearity seemed acceptable.
WPP 2009 Declan Stewart SID 198838644
                                                                                                                                                   
24
Figure 7 : MVA Lowess smoothed plot of Logit(outcome) and time at scene in minutes 
The relatively low event rate made testing for interaction terms problematic for 
many of the indicator variables as low or zero cell counts made for numerical 
instability. Where possible, plausible interaction terms were tested and the 
results are summarized in Table 12.  Interactions tested were between: time 
trapped and time at the scene, time at the scene and a fatality or ejection, and 
time at the scene and abnormal vital signs. Patients with both abnormal GCS 
and either abnormal BP or RR all had serious outcomes so interaction was not 
able to be assessed. No significant interaction terms were found.
Table 12: Interaction terms
Interaction term    OR se z p comment
timeatscene & 
trapped time
_ItraXtime_1
_ItraXtime_2 
1.01
1.02
0.02
0.03
0.45
0.75
0.66
0.46
interaction terms 
not significant
death in car & time 
at scene
_IdeaXtime~1   
 
0.99 0.42 -0.23 0.82 interaction term 
not significant
ejection & time at 
scene
_IthrXtime~1     1.16 0.29 0.59 0.56 interaction term 
not significant
abn RR & abn GCS Dropped, predicts 
success perfectly
abn GCS & abn BP Dropped, predicts 
success perfectly
abn RR & abn BP _IabnXabn_~1  0.35 0.58 -0.64 0.53 interaction term 
not significant
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There was no evidence of collinearity between the predictor variables on 
evaluation of the variance inflation factors (VIF) which were all close to one 
(Table 13 ). There was no evidence for specification error using Stataʼs linktest 
command which tests the predicted values and the square of the predicted 
values as independent variables ( Pr>z for hat = 0.0001, for hat^2=0.59 ). This 
test did not suggest that the model was missing important predictor variables.
Table 13: Collinearity Diagnostics
Variable VIF
Age ≥65 years 1.01
Ejected 1.01
Death in car 1.05
Time at scene 1.10
Trapped 1.14
Abn RR 1.10
Abn BP 1.10
Abn GCS 1.15
Mean VIF 1.08
The overall fit of the final model was examined using the Hosmer-Lemeshow 
test of goodness-of-fit which did not suggest poor fit (chi-squared = 12.15 with 8 
df, P=0.15). There were 268 covariate patterns for 1695 observations. When 
collapsed into 10 risk groups the observed and expected outcomes were 
reasonably close (Table 14). The area under the Receiver Operator Curve was 
0.79 which suggested reasonably good discrimination (Figure 8). Using the 
observed outcome prevalence of 8% as the threshold this model would, at best, 
correctly classify 77% of the time and has a sensitivity of 63% and specificity of 
79%.
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Table 14: Hosmer_Lemeshow goodness-of-fit test – table collapsed on 10 quantiles of risk 
Group Probability Observed
Event
Expected
Event
Observed
Non-event
Expected
Non-event
Total
1 0.0243 7 7.2 288 287.8 295
2 0.0292 2 1.6 55 55.4 57
3 0.0340 2 5.0 155 152.0 157
4 0.0345 9 7.4 191 192.6 200
5 0.0445 2 6.6 155 150.4 157
6 0.0516 8 7.7 150 150.3 158
7 0.0653 17 10.1 154 160.9 171
8 0.1059 16 13.5 145 147.5 161
9 0.1853 26 24.6 145 146.4 171
10 0.9977 59 64.3 109 103.7 168
Figure 8: ROC for final model
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Regression Diagnostics
Influential observations were investigated by examining the standardised 
Pearson residuals, deviance residuals and leverage (Figures 9-11). The 
standardised Pearson residuals have an expected Binomial distribution in 
logistic regression unlike linear models. The mean was -0.12 with a variance of 
1.0. There were few residuals with an absolute value of greater than two, 
suggesting reasonable fit. Covariate patterns of observations with standardized 
residuals are shown in Table 15. These covariate patterns were not so unusual 
as to warrant exclusion from the model. The results for the Deviance residuals 
were similar. Three patients were ejected from their vehicles and suffered no 
serious outcome; these observations displayed a high degree of leverage, but 
all were verified as true observations. A covariate pattern (time at scene 17 
minutes and coded zero for other predictors) with 58 observations exerts a high 
degree of leverage purely due to the large number of observations and does not 
represent poor fit (see Table 16).  The influence that observations had on the 
chi-squared statistic and deviance statistic was examined by looking at the 
delta-chi squared and delta-deviance statistics (Figures 12-17). This is the 
effect on chi-squared or Deviance of removing the covariate pattern from the 
model. These influential covariate patterns are summarized in Tables 17 and 
18. These observations were reviewed and found to be correct and retained in 
the model. 
Figure 9: Standardized Pearson residuals plotted against Estimated Logistic Probability
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Figure 10: Leverage plotted against Estimated Logistic Probability
Figure 11: Leverage plotted against id
Figure 12: Delta chi-squared plotted against estimated logistic probablity
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Figure 13: delta Chi-squared plotted against id
Figure 14: delta Deviance plotted against estimated logistic probablity
Figure 15: delta Deviance plotted against id
WPP 2009 Declan Stewart SID 198838644
                                                                                                                                                   
30
Figure 16: delta Chi-squared plotted against estimated logistic probability with symbols 
weighted by dBeta
Figure 17: delta Chi-squared plotted against estimated logistic probability
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Table 15: covariate patterns with high standardized residuals
id Std
res
p s age death in 
car
ejected trapped scene 
time
abn
RR
abn BP
abn 
GCS
219 3.76 0.13 1 <65 0 0 0 56 0 0 0
1264 3.76 0.13 1 <65 0 0 0 56 0 0 0
972 2.48 0.14 1 <65 0 0 0 4 0 1 0
1474 2.32 0.16 1 <65 0 0 0 19 1 0 0
808 2.37 0.07 1 <65 0 0 1 4 0 0 0
783 2.37 0.07 0 <65 0 0 1 4 0 0 0
912 2.15 0.19 1 <65 1 0 0 29 0 0 0
456 2.01 0.09 1 ≥65 0 0 0 6 0 0 0
814 2.01 0.09 0 ≥65 0 0 0 6 0 0 0
(where std res=standardized residual, p=estimated probability of s=serious outcome)
Table 16: covariate patterns with high leverage
id Std
res
p s age death in 
car
ejected trapped scene 
time
abn
RR
abn BP
abn 
GCS
457 0.40 0.13 0 <65 0 1 0 0 0 0 0
732 0.40 0.13 0 <65 0 1 0 0 0 0 0
923 0.40 0.13 0 <65 0 1 0 0 0 0 0
295 0.31 0.53 1 <65 0 1 0 65 0 0 0
(where std res=standardized residual, p=estimated probability of s=serious outcome)
Table 17: covariate patterns with high values of delta Chi-squared
id dX2 p s age death in 
car
ejected trapped scene 
time
abn
RR
abn BP
abn 
GCS
219 14.1 0.13 1 <65 0 0 0 56 0 0 0
1264 14.1 0.13 1 <65 0 0 0 56 0 0 0
1474 5.4 0.16 1 <65 0 0 0 19 1 0 0
972 6.2 0.14 1 <65 0 0 0 4 0 1 0
808 5.6 0.07 1 <65 0 0 1 4 0 0 0
783 5.6 0.07 0 <65 0 0 1 4 0 0 0
(where dX2=delta Chi-squared, p=estimated probability of s=serious outcome)
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Table 18: covariate patterns with high values of delta Deviance 
id dDev p s age death in 
car
ejected trapped scene 
time
abn
RR
abn 
BP
abn 
GCS
219 8.55 0.12 1 <65 0 0 0 56 0 0 0
1264 8.41 0.13 1 <65 0 0 0 56 0 0 0
43x 4.76 0.04 0 <65 0 0 0 17 0 0 0
972 4.13 0.13 1 <65 0 0 0 4 0 1 0
1201 4.39 0.36 1 <65 0 0 2 40 0 0 0
859 4.39 0.36 1 <65 0 0 2 40 0 0 0
(where dX2=delta Chi-squared, p=estimated probability of s=serious outcome)
NB: There were 43 observations with the third covariate pattern
Limitations - Missing Data
The dataset contained 1981 observations of patients presenting following MVA, 
however, one or more variables were missing for 286 patients, i.e. 14% of the 
dataset. This was a large portion of the dataset and not only reduced the 
sample size of the study but also may have affected the specification of the 
model, and led to bias in the coefficients and their variances. The values 
missing were observations of the four physiological variables in the emergency 
department. 173 had only one missing value but 60 had all 4 missing (see Table 
19). It is likely that these were either not recorded on the observation chart at 
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the time (e.g. blood pressure is often not recorded in otherwise well children), or 
unavailable for extraction by the Trauma CNC and recorded as missing. The 
characteristics of the 286 incomplete records are set out in Table 20 and 
compared with those of the complete records. This demonstrates that 
incomplete records tended to be from younger, less seriously injured patients, 
more often coming by private transport (hence less likely to have been trapped 
or had prolonged scene times). 
Table 19: Frequency of missing values
Number of variables missing Frequency Percent
0 1695 85.6
1 173 8.7
2 48 2.4
3 5 0.3
4 60 3.0
Total 1981 100
Options for dealing with these incomplete records included casewise deletion, 
weighted casewise deletion and various methods of imputation. Missing data 
may have occurred completely at random (MCAR), or missing at random 
(MAR), or missing not at random (MNAR). In the first scenario, casewise 
deletion would lead only to inflated variance from the smaller sample, but 
unbiased estimates for the coefficients. The second assumes some systematic 
component whereby the risk of an incomplete record depends on one or more 
variables. This may lead to some bias in the coefficients when casewise 
deletion is adopted. If the risk of being incomplete depends also on the level of 
the missing variable then it is missing not at random and may also distort the 
model by causing misspecification. 
Since the missing values relate to 4 physiological variables the imputation 
model would be relatively complex to undertake for the purposes of this project. 
The most simple and transparent approach (and comprehensible for the 
clinicians involved) was to accept that the estimates of the coefficients for age, 
scene time may be more conservative than if the missing data were included 
and that the variances of the coefficients were also larger. This seemed 
preferable to building a much more complex model. 
WPP 2009 Declan Stewart SID 198838644
                                                                                                                                                   
34
Table 20: Comparison of characteristics of complete and incomplete records
Variable Complete 
(N=1695)
 n          %
Incomplete
(N=286)
n        %
Overall
(N=1981)
 n         %
Chi2 P df
Serious outcome 148 8.7 11 3.9 159 8.0 7.9 0.005 1
Age≥65 years 219 12.9 17 5.9 236 11.9 11.3 0.001 1
Female 875 51.6 152 53.2 1027 51.8 0.23 0.63 1
Speed≥100km/h 446 26.3 70 24.5 516 26.0 0.43 0.51 1
Rollover 224 13.2 30 10.5 254 12.8 1.63 0.20 1
Death in Vehicle 12 0.71 1 0.35 13 0.66 * 0.71
Trapped time
Not trapped
Trapped ≤20 min
Trapped >20 min
1599
63
33
94.3
3.7
2.0
282
2
2
98.6
0.7
0.7
1881
65
35
95.0
3.3
1.8
* 0.004
Ejection 6 0.35 1 0.35 7 0.35 * 1
Arrival by ambulance 1497 88.3 209 73.1 1706 86.1 47.6 0.0001 1
Time at scene (median in 
min)
17 min 7 min 16 min
*Where cell values <5 Fisherʼs exact test has been used instead of the Chi squared
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Discussion
After reviewing the regression diagnostics and model fit, the preliminary main 
effects model was accepted as the final model. This final model contained 8 
independent predictors of serious outcome: age ≥65 years, death of a fellow 
passenger, ejection from the vehicle, being trapped in the vehicle, ambulance 
time at the scene, and any abnormal respiratory rate, blood pressure or GCS 
either at the scene, or on arrival in the Emergency Department. 
Three of these variables are indicators of collision or impact severity: death of a 
fellow passenger, ejection and entrapment. Death of a fellow passenger and 
ejection were rare events but associated with greatly increased odds (by about 
8 times) of serious outcome if present. Any entrapment suggests deformation of 
the vehicle leading to confinement with or without intrusion into the passenger 
compartment. The length of time trapped may be associated with the degree of 
deformation as suggested by the increasing risk of serious outcome with time 
trapped. There were a large number of vehicle rollovers reported in the sample 
but this did not appear to increase risk of serious outcome. It may be that the 
mechanism involved in a vehicle collision is more important than whether the 
vehicle rolls over and this, perhaps, attests to improved vehicle design.  
Interestingly, speed was also not a useful predictor of serious outcome in the 
multivariate model although it was a predictor of increased risk, over 100km/h, 
on univariate analysis. Other vehicle-related predictors such as airbag 
deployment and lack of seat belt use were not associated with serious outcome. 
One of the variables was related to the patient and it is unsurprising that 
increased age was associated with increased risk of serious outcome, as older 
age is associated with more co-morbidities such as osteoporosis (leading to 
increased risk of fracture), and reduced physiological tolerance for blood loss, 
hypotension or hypoxia. Patients older than 65 years had about 3.6 times the 
odds of serious outcome compared to younger patients. 
The time at the scene was also associated with an increased risk of serious 
outcome. On average ambulances were reported to spend about 17 minutes at 
the scene of an accident. Increased scene time may relate to time taken to 
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assess or treat more severely injured patients or more complicated accidents 
with a greater amount of prehospital activity or need for extrication. The odds of 
serious outcome increased by 3% per extra minute of scene time. For example, 
for a patient over 65 years, with no other predictors, doubling the scene time 
from 17 minutes to 34 minutes increased the estimated probability of serious 
outcome from 12.4% to 19.6%. 
The physiological variables independently associated with outcome on 
multivariate analysis were abnormal respiratory rate, blood pressure and GCS 
which are the variables making up the Revised Trauma Score. The odds of 
serious outcome were very greatly increased with abnormal GCS, moderately 
so for abnormal blood pressure and less so for abnormal respiratory rate. For 
example, the estimated probability of serious outcome for a patient aged less 
than 65, with an average scene time and no other predictors, increases from 
3.8% to 18.8% with abnormal blood pressure.  An abnormal heart rate was not 
a significant predictor on multivariate analysis. 
Overall this multivariate logistic regression model had reasonably good face 
validity and good performance characteristics for predicting serious outcome in 
trauma from Motor Vehicle Accidents. The model had a sensitivity of 63% and 
specificity of 79% with an area of 0.79 under the ROC. The positive predictive 
value (PPV) was 22% and negative predictive value (NPV) 96%. Clinically this 
makes it more useful for ruling out serious injury with such a high NPV. There 
will still be many false positives due to the relatively low PPV, which is less than 
the value of 50% desired for full trauma team activation. 
Since MVAs comprise nearly half of all trauma presentations, predicting which 
ones are likely to have serious outcomes would be very useful. The overall rate 
of serious outcomes after MVAs in our experience is low. Therefore, as a 
mechanism alone it leads to inappropriate resource use. Identifying predictors 
of increased risk of serious outcome helps to focus resources towards those 
patients more likely to require them. This model is considerably simpler than the 
current Trauma Triage Tool and if validated would be useful for determining risk 
of serious outcome at presentation to hospital of patients following motor 
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vehicle accidents.  We hope to validate this model using data from later years of 
the trauma registry. 
Conclusion
In an multivariate analysis of 1695 patients presenting after an MVA important, 
independent predictors of serious outcome were: age 65 years or greater, death 
of a vehicle occupant, ejection from the vehicle, entrapment, length of time at 
the scene, and physiological derangement of respiratory rate, blood pressure or 
GCS. Gender, speed, vehicle rollover and heart rate were significant univariate 
predictors but were not significant on multivariate analysis. If prospectively 
validated, this model will simplify the triage of MVAs by reducing the number of 
potential predictors of serious outcome compared to current practice.
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